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CHAPTER I 
INTRODUCTION 
Previous s t u d i e s  h?.ve ind ica ted  t h a t  carbon t e t r a -  
c h l o r i d e  adminis te red  o r a l l y  o r  i n t r a p e r i  t onea l ly  causes  
c i r r h o s i s  o f  t h e  l i v e r  and hepatomas. I n  an a t tempt  t o  
e x p l a i n  t h e  development of c i r r h o s i s  and hepstomas some 
i n v e s t i g s t ~ r s  have made q u a n t i t a t i v e  ana lyses  o f  t h e  n u c l e i c  
a c i d  p r e s e n t  i n  t h e  l i v e r  t i s s u e  of mice a f t e r  a s i n g l e  
f e e d i n g  of carbon t e t r a c h l o r i d e 1  end some a f t e r  a s e r i e s  of  
f e e d ~ n ~ s . ~  F o s t  of  t h e s e  i n v e s t l ~ a t l o n s  i n d i c l t e  some very 
d e f i n i t e  changes i n  t h e  amount of deoxyribonucleic  ac id  (DNA) 
and r i b o n u c l e i c  ac id  (BNA) . 
The f ~ c t  t h s t  t he se  c h a n ~ e s  occurred may i n d i c a t e  t h e  
' f e c t s  o f  csrbon t e t r a c h l o r i d e  on t h e  l i v e r  c e l l s ,  o r  may 
be ev idence  t h a t  t h e s e  substnnces  var? t o  marked deeree  from 
one  o r ~ s n i s r n  t o  ano the r  even i f  they were n o t  sub jec ted  t o  
t h e  e f f e c t s  o f  c ~ r b o n  t e t r ac t - l o r ide .  
'R. E. S towol l ,  end C. S. Lee, nHistochemieal  S tud ie s  
o f  Pouse L i v e r  After S i n g l e  Peedings of  Csrbon Te t r ach lo r ide ,  
P Y A  Arch P a t h  L (1950) ,  519-537; and K. K. Tsubol, B. % 
Stouc.11, snd C. S. Lee, nChemical A l t e r a t i o n s  Induced i n  
Fouse L i v e r  Following a S i n g l e  Feeding of Carbon Te t ra -  
c h l o r i d e ,  " Cancer =. I1 (1951) , 87-93. 
*D. S. Dudley, W. A. Coamck, end L. P. Johnson, "RNA, 
DNA, L ip id  Phosahorous, ond Acid Solub le  Phosphorous i n  
N o r m ~ l  A/Jax Mouse L i v e r s , "  -- Proc. Iowa Aces. Sci .  IXVI 
(1?59) ,  426-1+31. 
2 
It has been es tab l i snea  that DNA i s  t h e  gene s u ~ -  
Stance  r e s p o n s i b l e  f o r  iqhe r i t ed  c h a r a c t e r i s t i c s ,  and the re  
i s  common agreement t h a t  RNA i s  importent i n  passing In- 
s t r u c t i o n s  from t h e  nucleus t o  the  cytoplasm of a c e l l .  It 
has  a l s o  been es tab l i shed  t h a t  these  c h a r a c t e r i s t i c s  do not  
a l l  become a c t i v e  a t  t h e  same time, but seem t o  be ac t iva ted  
d i f f e r e n t l y  i n  response t o  sex,  age, enzymes, and t h e  r e l e a s e  
of hormones dur  lng  various s t ages  o f  development. 
The p r e s e n t  inves t iga t ion  lpras undertaken i n  an attempt 
t o  e s t a b l i s h  i f  some r e l a t i o n s h i p  in  t h e  DNA content  of  
un t rea ted  mice o f  both sexes exis ted a t  various ages. Such 
informat ion  i s  an e s s e n t i a l  base for comparing t h e  DNA and 
RNA con ten t  o f  carbon t e t r a c h l o r i d e  t r ea ted  and untreated 
Lce, 
CHAPTER 11 
HISTORY 
E a r l y  i n v e s t i g a t i o n s  of the  e f f e c t  of carbon t e t r a -  
c n l o r l d e  on t h e  l i v e r  t i s s u e  of mice I n d i c a t e  t h a t  t h e  con- 
c e n t r a t i o n  of t h e  n u c l e i c  a c i d s  DNA 2nd RNA f l u c t u a t e  
( F i g u r e  I). The DNA con ten t  increased sharp ly  a f t e r  on1 
f e e d i n g  th rough  t h e  s i x t h  feed ing  then decreased t o  a 
medium l e v e l  fo l lowing  an increased number of  carbon t e t r a -  
c h l o r i d e  f eed ings  .' This  i nc rease  was n o t  cons i s t an t .  
Tsuboi ,  S t o w e l l  and ~ e e ~  i n d i c e t e  t h e  r e s u l t s  o f  a "one- 
f e e d i n g  s t u d y n  shows an i n i t i a l  e ec rease  followed by a 
s h a r p  rise, 
A s t u d y  of  t h e  r e s u l t s  o f  bi-weekly feedinps  o f  
lrbon t e t r a c h l o r i d e 3  a l s o  i nd i c s t ed  a decrease  i n  DNA con- 
t e n t  f a l l o w i n g  t h e  i n i t i a l  feeding. However, t h i s  i s  
r e v e r s e d  w i t h  continued f eed ing  of carbon t e t r a c h l o r i S e ,  
The r e v e r s q l  does  n o t  i n d i c a t e  cons i s tency ,  b u t  v a r i e s  a t  
'L. J. Cnrlson,  D o  J. Johns, R. F. Corr ison,  I,. Do 
S n r l p p e ,  ~ n d  Em S u t e r s ,  "DYA, RNA,  Lip12 Phosphorous 
and Acid S o l u b l e  Phosphorous i n  L ive r s  of A/Jax P i c e  Fed 
Csrbon T e t r a c h l o r i d e n ,  (1960) Unpublished Drake U n i v e r s i t y  
B i o l o ~ y  Dept. ( typed m a n u s c r l ~ t )  .
' ~ ~ u b o i ,  OJ. G., p. 89. 
3 ~ .  Em Stowe l l ,  C. S. Lee, K. Ko Tsubol, and A. 
V i l l n 8 a n ~ ,  ' H i s  t o c h e m i c ~ l  and Plcrochemical  chan j e s  i n  
Exper imental  C h i r r h o s i s  m d  Hep~toma Formation i n  Mice 
T e t r a c h l o r i d e n ,  Cancer &. XI (1951) , pp. 
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i n t e r v a l s  u n t i l  it reaches  i t s  maximum, ~11th a f i n a l  average 
P 316 mg p e r  l O O g  of t i s s u e  
~ a q u e r r l e r ' s '  i n v e s t i g a t i o n  of mice a f t e r  p a r t i a l  
nepatectomy g i v e s  an i n s i g h t  i n t o  t h e  changes a s soc i a t ed  
w i t h  damage t o  t h e  l i v e r  t l s s u e  of mice. He s t a t e s  t h a t  
nrernoval of f o r t y  p e r  c e n t  of t h e  l i v e r  t l s s u e  produced a 
measurable i n c r e a s e  i n  t h e  DNA conten t  of  t h e  remaining 
p o r t i o n  of t h e  l i v e r  and t h i s  l n c r e a ~ e  was a p re lude  t o  t h e  
+ ~ i t i a t i o n  of t h e  p r o ~ h a s e  o f  rn1tosis.n 
I n  c o n t r a s t  t o  t h e  previous  r e p o r t s ,  Borning, S i c h t e r  
and I?under2 r epo r t ed  r e s u l t s  of  an a n a l y s i s  o f  n u c l e i o  
a c i d s  two hours  a f t e r  a s i n g l e  i n j e c t i o n  o f  carbon t e t r a -  
c h l o r i d e  which i n d i c a t e s  no app rec i ab l e  chanpe e i t h e r  i n  
t h e  number of  n u c l e i  o r  t h e  DNA conten t  i n  t h e  l i v e r  c e l l s  
o f  rrice. The r e p o r t s  do i n d l c s t e ,  however, a s l i g h t  in -  
*essc i n  t h e  DYA content .  
The RNA c o n t e n t  o f  t h e  c e l l s  have been repor ted  t o  
1 
R. L a a u c r r i e r e ,  n C h ~ a g ~ s  i n  Deoxyribonuleic Acid 
i n  t h e  L i v e r s  o f  F i c e  Af t e r  P ~ r t i a l  Hepatectomyn, Pathol .  
e t  b i o l  S e m ~ i n e  m. VII (1959),  pp. 1939-41. 
-* D 
2 
H. Bornla ,  G. R i c h t e r ,  and H. Funder, nMetabolism 
o f  D ~ m r l g e d  T i s sues .  XI1 i"1tochondria an2 ?:ucleic Aclds i n  
t h e  C e l l  F r a c t i o n s  o f  t h e  Carbon Te t r ach lo r ide  Damaged 
L i v e r  of Z. Physol. Chea. C C C X I I  (19601, DP. 
213-230, c i t e d  i n  Q. LV (J~me 26, 1961).  126126. 
5 
Vary to a g r e a t e r  degree  than does t h e  DNA. Lamlrande, 
Allard end can te ro l  i nves t iga t ed  the  BHA con ten t  of the 
cytoplasm i n  t h e  l i v e r s  of n i n e  rats, and r e p o r t  a "con. 
'inuous  ariat ti on from one f r a c t i o n  t o  another,  
Other  i n v e s t i g a t i o n s  of  RNA have repor ted t h e  f l uc tu -  
a t i o n s  i n  q u a n t i t y  of ma te r i a ly  begin w i t h  an i n l t l a l  de- 
c r e a s e ,  However, fo l lowing  t h i s  i n i t i a l  decrease  t h e  nuc le ic  
a c i d  shows a r a p i d  recovery t h a t  surpasses  t h e  i n i t i a l  start- 
i n g  p o i n t ,  b u t  t h i s  recovery i s  followed by another  decrease ,  
One such s t u d y  c a r r i e d  on a t  Drake ~ n i v e r s i t y ~  used ~ / J a x  
mice o f  bo th  sexes .  These mice were f ed ,  by means of  a 
c a p i l l a r y  dropping  p i p e t t e ,  0.1 m l  of f o r t y  Per c e n t  v/v 
ca rban  t e t r a c h l o r i d e  i n  o l i v e  o i l  t h r e e  times weekly f o r  
v a r l o u s  l e n u t h a  of time, 
The mice were then analyzed t o  d e t e r n i n e  t h e  concen- 
d tio on o f  t h e  n u c l e i c  a c i d  f r a c t i o n s .  The r e s u l t s  of  the  
~ n n l y s i a   how t h s  un t rea ted  mice used as d0ntr01 has 730 mg 
o f  RNA p e r  lOOg o f  t i a s u e .  The mice subjected t o  one f eed -  
i n g  i l l u s t r a t e d  s lower concent ra t ion  of RPIA, 675 mg p e r  
1 0 0 ~  o f  t i e s u e ,  
'0, d e  L a m i r ~ n d e ,  C. Allard, ~ n d  A. Cantero, 
"Ribonuc le ic  Acid Cornposltion i n  C y t o ~ l a s m i c  R n c t i o n s  
I s o l a t e d  From R a t  L iver  Cells," J, B l o ~ h y s .  3lochem. 
Cytol .  VI (19591, PP. 291-292. 
2 Car l son ,  qp. , Manuscript. 
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After this dec rease  the  quan t i t y  of RNA, increase.  
af ter  'Ix feed ings  t o  775 m g  p e r  100g of t i s s u e .  The RNA 
e x h i b i t e d  its g r e a t e s t  dec rease  a t  eleven feedicgs (400 
mg/lQOg of  t i s s u e )  ; a f t e r  e igh teen  feedings t h e  RNA r e -  
covered t o  a lmost  t h e  same value recorded f o r  t he  un t rea ted  
mice (770 m43/100g of t i s s u e ) .  The RNA concent re t ion  (580 
m!d190!3 of t u s s u e )  observed a f t e r  twenty-two feedings  in-  
d i c a t e s  t h e  l e v e l  of  RNA when tumors became macroscopic, 
The r a ~ i d  i n c r e a s e  from t h i s  p o i n t  l e v e l s  o f f  a f t e r  t h i r  ,, 
s i x  f e e d i n g s  a t  793 mg/100g o f  t i s s u e  and remsins a t  703 mg 
through  t h e  forty-second feeding.  From t h e  703 mg, t he  RNA 
c o n c e n t r a t i o n  decreased t o  a f i n a l  r ead ing  o f  622 mg f o r  
f t y - f o u r  f eed ings .  The average concent ra t ion  of RNA f o r  
a l l  o rasn isms  t e s t e d  was 675 mg pe r  lOOg of  t i s sue .  
The concen t r a t i on  o f  DN.9 var ied l e s s  then d i d  thc 
l i h IA ,  The lowes t  c o n c e n t r ~ t i o n  recorded f o r  DYA was observed 
i n  t h e  u n t r e a t e d  mice. From t h i s  low o f  323 mg/100p of 
t i s s u e  t h e  maximum concent ra t ion  o f  549 mg occurred a f t e r  
t h e  s i x t h  f e e d i n p  o f  cnrbon t e t r a c h l o r i d e .  There a r e  o t h e r  
peoke of  DNA c n n c e n t m t i o n  (twenty-nine fedinrTs --481 W; 
for ty- two ferdings--M6 mg) . None of t h e s e  approach the  
h i ~ h  vmlue ohserved a f t e r  t h e  s i x t h  feeding. 
The f c d i n ~ s  of c m b n  t e t r a c h l o r i d e  which caused 
t h e  lowest ~ ~ n c e n t r q t i o n ~  o f  DNA In t h e  l i v e r  tissue are: 
e i g h t e e n  ( 3 ~ 0  m ~ ) ,  th i r ty-SIX (402 mg), ??Id fortyoeight 
( 4 2 1  rnp-) . These a l l  below t h e  calculated of 
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431 m g / l u u g  or' tlssue (Figure I).  
The mice used i n  t h e  previous report= ranged i n  age 
from s o u r  weeks1 t o  twenty-four weeka2 and, wi th  t h e  exoegmn 
of one i n v e s t l e a t i o n , 3  t h e  mice s t u d l e s  were a l l  males. The 
s t r a i n  of mice use* In esch i n v e s t i p ~ t l o n  ~ ~ r i e d  ~ n d  t h e  
3 t m  of  the  different s t r a i n s  a r e  summarized i n  Table I, 
1 C. P. Barnum, C. Y. 'lash, E. J e n n l n p ,  0. Nypaard, 
and p. Vernu111 "The Separe t lon  of  Pentose and Desoxp)entose 
?!uclelc AclCs From I so ln t ed  rouse Liver  Cell Auclel ,  a 
Arch. Blochem. )CCV ( l P f ; O ) ,  Do. 376-383. 
*A .  J. R n x l ,  K. D. S w a r t h ,  snd P. R. Venkatarman, 
"Effects of n S l n ~ l e  Injection of  T h v o x i n e  of t h e  P ro te in  
nnd w u c l c l c  Acies of t h e  ?louse Liver  and t h e  P r o t e i n  of 
t h e  Yousr C~TCRFS", - ROC. T n d i ~ n  Acnd. a. XXXIV (1?52), 
nn. 2cR-266, 

TABLE I 
.4~0UI~'J' O F  DIJA 4ITD RITA PT T9Z ??a.SE L I m  TrllCLEIC 
4 C I D  ~cT@\T~ AND TFF RATIO 
(RITA) OF TEESE ACIDS (rn) 
Values (average) + Fouse 
Str~ln A a e  Sex DNA RYA Ratio 
---- 3 months ---- 321.8 834.9 2,64 
ZBC 1-2 I!lOS, ---- 285 900 3a16 
3 months male 330 837 2.53 
r A  3 ~ o n t h s  male 316 832 2-63 
C- 57 6-7 mas. male 258 985 3.81 
dba ---- m ~ l e  235 984 4.18 
w h i t e  ---- ---- 37 5 92 f; 2.46 
The o r i ~ i n n l  h t ~  hns  been r ~ c ~ l c u l a t e d  where 
- 
necesunrv t o  n l n c e  I t  In u n i t s  of mg/100g wet l i v e r  t issue. 
4Vnlues oC t h e  nucle lc  ~ ~ 1 5 s  a r e  ~ l v e n  in  mp of 
~ u b s  tnnce / lgOp of t i s sue .  
CHAPTEF. 1x1 
~AT?T31ALoS AND PRTHOX 
A/zax of bo th  sexes  obtained from Roscoe B. 
. ~ ~ c k s o n  Pemoriol  Laboretory a t  Bar Hprbor, Palne,  were used 
t h r o u ~ h o u t  t h e  emer lment .  Previous work done a t  Drake 
~ n l v e r s f t y  u s l n ~  t h e  same s t r ~ l n  of  mice l l l u s t r n t e d  the 
tengency of  t b e s e  mice t o  ?evelad h e n a t l c  tumors If carban 
t e t r ~ c h l o r l d  e w s s  adminis tered,  
This r e s e s r c h  wrss I n i t i a t e d  w i t h  A/Jax mice which 
wyre u n t r e n t e d  w i t h  carbon t e t r a c h l o r i d e ,  bu t  were o the r -  
:.rise m a i n t ~ i n e c !  t h e  snme as t h e  mice used i n  t h e  ~ r e v i o u s  
i n v e s t l ~ ~ t t o n s .  Yales and females of var lous  ages were 
uspfl,  an8 cnmn~rer!  I n  pn ~ttemnt, t o  cons ider  8s Pany Vaf 
q h l ~ s  PS n o g ~ i b l ~  ?or c o r r e l a t i o n  between t h i s  work and 
1 n v ~ s ~ l ~ s t . l n n ~  c ~ r r l d  on i n  t h e  mst, 
m h ~  mice w e r P  welrrhe  2nd k i l l e d  bv c e r v i c a l  d l s -  
l o c . ~ t l a n ,  mhe l i v e r  wpre reroved lrrmee l ~ t e l y  an2 w e l ~ h e d  
an r, S o l l ~ r - S m i t h  bqlqncp. Fu fc i c l en t  d l s t l l l d  water  
WPEJ ~ A d e d  t o  vmke twenty nt?r c e ~ t  horrovenete end the 
mlxtu-e UPS mound I n  R t e f l o n  homo~enizer  t o  uniform con- 
~ t ~ t e n c y ,  Three  1 m l  a l i a u o t s  of t h e  unlform homo,ye?Iate 
w c r r  trnnPCerreA t o  three-Inch t e s t  tubes.  The homopenizer 
nn4 test  tub00 were k e n t  i n  An I c e  bnth u n t i l  e x t r ~ c t l o n s  
11 
were 6tRrteam The Procedure folrowea we. a . l igh t  modifi- 
c a t i o n  o f  Schneider ,  1 
the ml s l i q u o t s  of Cold homogenate, 2.5 m l  of 
c o l d  per c e n t  TCA ( t r i c h l o r o a c e t i c  pcid)  were added, and 
t h e  samples were shaken vigorously  f o r  f i v e  minutes. They 
were t h e n  c e n t r i f u g e d  and the  superna tan t  repoved by bu lb  
p i p e t t e s  and d i scarded .  Ext rac t ion  was repeated i n  the  
same manner and a g a i 2  discarded.  This completed t h e  ex- 
' -act ion o f  t h e  a c i d  s o l u b l e  phosphates, 
The r e s i d u e  from a b v e  was ex t rac ted  w i t h  5 m l  o f  
1 :4  water :95 p e r  c e n t  e thano l ;  t h e  mixtures were shaken and 
c e n t r i f u g e d ,  and t h e  s u p e r n a t a ~ t  p ipe t t ed  and discarded.  A 
second e x t r a c t i o n  w i t h  5 m l  of 95 pe r  cen t  e thanol  was s i m i -  
l n r l y  treqtecl t o  conclude t h e  e x t r a c t i o n  o f  t h e  ~ h o s p h o l i p i d s .  
The two phcrsbhste e x t r a c t i o n s  were discarded because 
t h i s  i n v e s t i ~ a t i o n  d i d  n o t  concern i t s e l f  w i t h  t k e  p h o s ~ h a t e s  
found i n  t h e  l i v ~ r ,  but only  w i t h  t he  nuc l e i c  acid  f r a c t i o n s ,  
Deox.mlbnucl.ic ~ c i d  and Rlbonuclelc acid .  However, s i n c e  
t h e  o r i p i n n l  r e s e ~ r c h  inclu?ed an a n a l y s i s  of t h e  phosphatess 
this i n v e s t i g a t i o n  included t h e  phosphate e x t r a c t i o n  i n  an 
to d u ~ l i c a t e  t h e  ~ r o c e d u r e s  used i n  the  o r i g i n a l  
F ~ S C R F C ~ .  
T~ the r e s i d u e  from t h e  phosphate e x t r a c t i o n s  2*5  m1 
'w. C. Schnelder .  wPhosohoroua Compounds i n  Animal 
T i ~ e u e  ~ n d  E X ~ P R C ~ ~ O ~  and E s t i m ~ t i o n  of Desoxypentose Xucleic 
Acid and o f  Pentose  Nucleic Acid*, J. Biol.  w. CLxI 
(19451, DP. 293-302. 
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01' c o l d  5 P e r  c e n t  TCA was addea and t h e  mixture w a s  shagen 
and c e n t r i f u ~ e d ,  and t h e  s u p e r n a t a n t g p e t t e d  o f f  i n t o  a 
1 0  ml v o l u m e t r i c  f l a s k  f o r  each a l i q u o t .  A second ex t r ac -  
t i o n  w i t h  5 m l  o f  5 P e r  c e n t  TCA was heated a t  900 C. f o r  
twen ty  minu t e s ,  cooled i n  runn ing  water, c e n t r i f u g e d ,  and 
t h e  s u p e r n a t a n t s  removed t o  r e s p e c t i v e  flasks and combined 
w i t h  t h a t  o f  t h e  f i r s t  e x t r a c t i o n .  A t h i r d  e x t r a c t i o n  w i t h  
2.0 r n l  o f  5 p e r  c e n t  TCA (room temperature)  was cen t r i f uged  
a f t e r  f i v e  minu tes  o f  shak ing ,  and supe rna t an t  combined i n  
t h e  a p p r o p r i a t e  f l a s k s  w i t h  t h o s e  from t h e  p rev ious  ex- 
t r a c t i o n s .  The r e s p e c t i v e  f l a s k s  were then d i l u t e d  t o  t h e  
ma-k W +  t h  5 p e r  c e n t  TCA (room temperature) .  
Th ree  m l  o f  each  o f  t h e  t h r e e  a l i q u o t s  of t h e  RNA 
m a  V Y A  e x t r ~ c t  were o l aced  i n  s ix - inch  t es t  tubes .  The 
t u b e s  were l a b e l l e d  D l ,  D2, 9 ~ 3  D3. Three m l  o f  5 p e r  c e n t  
TC.4 t o  be used as a blank and 3 m l  o f  a s tandard  DNA solut ioz l  
(12  m p / l O O  m l )  were placed  i n  two o t h e r  s ix- Inch tes t  tubes .  
S i x  m l  o f  d i p h e n y l ~ r n i n e  i n d i c ~ t o r  s o l u t i o n  was added t o  each 
t e s t  t u b e  ~ n d  t h e y  were heated  i n  a b o i l i n g  wa t e r  b a t h  f o r  
three minu tes  ~ n d  al lowed t o  s t and  ove rn igh t  i n  t h e  dark.  
The n e x t  morn ins  t h e y  were read on t h e  Coleman Specfophato- 
meter f o r  o p t i c a l  d e n s i t y  a t  600 mrn u s i n g  sausre c u v e t t e s  
and u s i n g  t h e  b l ank  t o  z e ro  t h e  mnchlne and comparinq each  
s~male  w i t h  t he  s t s n d a r 3 .  The r e s u l t s  were recorded ~ n d  
t h e  DNA i n  mg/100q o f  t i s ~ u e  were c ~ l c u l a t e C  8s fo l lows :  
"g DNA, O.D. s a m ~ l e  
Y 12 ma DNA 
- O.D, s tandard  100 ml of standard x 
1 0  m l  o f  s o l u t i o n  
a l i q u o t  1 a l i q u o t  1 0 0 ~  t i s s u e  e197g of t i s s u e  100 g t i s s u e  
Three m l  of each t h r e e  a l i q u o t s  of t h e  combined DNA, 
RNA e x t r a c t  were placed I n  t h r e e  s ix- inch test  tubes. The 
t e s t  t u b e s  were l a b e l l e d  R 1 ,  R2, and Rg. I n t o  each o f  t h e s e  
t u b e s ,  3 m l  o f  5 p e r  c e n t  TCA was added t o  d i l u t e  each sample 
I n  slmllar t u b e s ,  6 m l  of 5 p e r  cen t  lFCA was used as a blank,  
and 3 m l  of s tandard  RNA s o l u t i o n  (16 mg RNA/100 m l )  w i t h  
each  3 m l  of  5 p e r  c e n t  TCA as  a d i l u t e n t  used as a s tandard,  
I n t o  each o f  t h e  f i v e  tes t  tubes  was placed 6 r n l  of o r c i n o l  
I n d i c a t o r  s o l u t i o n ,  and t h e  tubes  were heated In  a b o i l i n g  
w ~ t e r  bsth f o r  twenty minutes,  cooled I n  running water ,  and 
r ead  on t h e  Coleman set a t  620 mm a f t e r  t h e  machine was s e t  
a t  z e r o  w i t h  t h e  blank and each read ing  cornered t o  t he  
s t a n d m .  The r e s u l t s  were recorded and t h e  mg mrA/130g 
of t i s s u e  were c a l c u l a t e d  as follows: 
m~ RNA P D s a m l e  - .00405 ( m ~  DNA/100 ml) x 16 x 
100  p of  t i s s u e  D standard 100 
1 0  x 100 x ma 12 x d e n s l t y  of DNA samale 
-
1 ,197 100 m l  d e n s i t y  o f  DNA s tandard 
The .197g Ins tead  o f  .2g ca l cu l a t ed  from t h e  1 m l  
o f  20 D e r  c e n t  homogenate was based on t h e  a c t u a l  welght of 
t l s s u e  d e l i v e r e d  from t h e  1 mr serologica.1 p i p e t t e s  used 
make t h e  a l i q u o t s  by tak ing  twenty pe r  cen t  of t h e  weight 
a c t u a l l y  d e l i v e r e d ,  
The r eagen t s  and so lu t ions  used i n  the  a n s l y s l s  u 
as follows: 
~O*/OW/V TCA - lOOg of t r i c h l o r o a c e t i c  acid  dissolved 
i n  enough d i s t i l l e d  water t o  make one l i t e r  of 
so lu t io r  
5 %  W/V TCA - loY.w/v TC.4 mixed with  an equal volume 
of d i s t i l l e d  water, 
j 1:4  (Hz0 - 95'/, v/v ethanol)  800 m l  of 9 5 %  v/v 
e t h a n o l  added t o  200 m l  of  d i s t i l l e d  water. 
4, 95% v/v e thano l  - commercial a v a i l a b l e  form. 
Stendard DnJA s o l u t i o n  - 12 mn DNA 50 rng of DNA 100 a1 so lu t ion  ' 
from General Eiochemlcals, Inc.,  Lot No 80Wc; d i s -  
mlved  i n  t h r e e  m l  o f  one normal KOH i n  a pre- 
n e i ~ h e d  t h i r t y  m l  bcnker by adding the  so lu t ion  
t o  t h e  d r y  DNA w e i ~ h e d  In t he  beaker. T r ~ n s f e r  
q u n n t i t a t i v e l y  t o  a twenty-five m l  volumetric 
f l a s k  and d i l u t e  t o  mark wi th  d i s t i l l e d  water, 
S i x  m l  o f  t h i s  concentrate  i s  t r ans fe r red  by 
p i p e t t e  t o  a 103 m 1  volumetric f lask .  An eaual 
volume ( 6  m l )  o f  10 D e r  c en t  i s  ~ d d e d  ~ n d  t h e  
flafik i s  f i l l e d  two-thirds f u l l  wi th  5 per c e n t  
TCA. The f l a s k  i s  heated i n  a v o t e r  bath at 90° 
C. f o r  f i f t e e n  minutes, ana allowed t o  coo l  
u n t i l  the  nex t  day and then d i l u t e d  t o  volumc 
w i t h  5 p e r  c e n t  TCA, 
6. DNA I n d i c a t o r  So lu t ion :  2.5g of  dlphenylarnine 
% V V  is  added t o  s u f f l c i e n t  g l a c i a l  a c e t i c  
a c i d  t o  p repare  250 m l  of  the  so lu t ion  t o  whic' 
6.9 m l  o f  concentra ted H2S04 i s  added. 
-1. KNA s tandard  So lu t ion  - 1 6  m~ : 50 mg 
109 r n l  of s o l u t i o n  
o f  RNA from General Blochemicals , Inc., Lot No. 
8 0 4 . 5 ~  i s  weighed i n  a prev ious ly  weighed t h i r t y  
m l  beaker.  Three m l  of  1 N KOH i s  added t o  d i s -  
s o l v e  t h e  RNA, which i s  then t r ans fe r r ed  quan t i t a -  
t i v e l y  t o  a 25 m l  volumetric f l a s k  and d i l u t e d  t o  
t h e  mqrk wi th  d i s t i l l e d  water. Eight  m l  o f  t h i s  
c o n c e n t r ~ t e  i s  t r a n s f e r r e d  by p i p e t t e  t o  a 100 m l  
vo lume t r i c  f l a s k .  Eight  m l  of  10  per  c e n t  TCA 
is  added,  and then the  f l a s k  is  f i l l e d  two-thirds 
f u l l  w i t h  5 p e r  c e n t  TCA and heated t o  900 C. f o r  
f i f t e e n  minutes,  pn2 allowed t o  stand u n t i l  t he  
n e x t  dny before  d i l u t i n g  t o  volume wi th  5 p e r  
c e n t  TCA, 
8, 3 N A  I n d i c a t o r  So lu t ion :  d i s sdve  O.5OOg o f  o r c i n o l  
( 1  , j -dlhydroxy-5methylbnzene) i n  a l i t t l e  less 
t h a n  250 m l  o f  0.00500 per  c e n t  CuC12 i n  con- 
c e n t r ~ t e d  HCL (50.0 rng of CuC12 per l i t e r  o f  
solution w i c n  concen t ra ted  HCL as t h e  solvent) 
and d i l u t e  t o  mark i n  a 250 m l  volumetric flask. 
RESULTS AND INTERPRETATION OF DATA 
F o r t y  mice were s tud ied  f o r  t he  determinat ion of t h e  
c o n c e n ~ r a t i o n  of DNA and RNA. Each week the  l i v e r s  of  two 
u n t r e a t e d  A/Jax mice were removed and homogeneted a f t e r  
t h e  mice has  been s a c r i f i c e d  by c e r v i c a l  d . is locat ion.  For ty  
mice were s t u d i e d ,  bu t  on ly  t h i r t y - f o u r  were used p s  a 
s o u r c e  o f  d a t a .  The o t h e r  s i x  mice were s a c r i f i c e d  f o r  t h e  
r p o s e  of  r e p e r f e c t i n g  t h e  technique of  ex t r ac t ion ,  
The c o l o r  o f  t h e  l i v e r  was comp~red with  t h e  l i v e r s  
o f  t h e  mice t r e ~ t e d  wi th  carbon t e t r a c h l o r i 2 e  i n  a previous  
udy. I n  t h i s  i n v e s t i g a t i o n  the  l i v e r s  appeared t o  be a 
b r i p h t  red  r ~ t h e r  thsn t h e  gray-red observed i n  t h e  mice 
f e d  cosbori t e t r a c h l o r i d e .  The l i v e r s  o f  mice i n  t he  pre-  
s e n t  s t u d y  were e a s i l y  homogenized i n  c o n t r a s t  t o  the  d i f -  
f i c u l t y  encountered wi th  homopenizing l i v e r s  of mice t r e a t e d  
w i t h  carbon t e  t r ~ c h l o r i d e .  Less connect ive  t i s s u e  is  pre- 
s e n t  i n  l i v e r 6  of  un t r ee t ed  mice, 
I n  t h e  cbemical a n a l y s i s ,  q u a n t i t i e s  of both n u c l e i c  
acids,  DNA and RITA, f l u c t t ~ a t e d  (F igu re  11). The ILNA con- 
C e n t r n t i o n  pa~sessed  t he  l r e a t e s t  variance.  The average 
v a l u e  f o r  t h e  mice f i v e  weeks of age was 666 mg p e r  10Og 
of  ti8oueo ~t s i x  weeks of nge the  RNA c o n c ~ n t r a t l o n  de- 
Crea~ed to 657 m*, cand from t h i s  r ead ing  the  RNA d r o ~ ~ e d  t o  
I t s  lowesr; c o n c e n t r a t i o n ,  493 m g  per  100g of tissue at 
weeks age. The inc rease  i n  the  concentra t ions  
nNA Is abrupt f rom this  n o i n t ,  age seven weeks. ConcenGra- 
t i o n s  of R*A are: 635 mg a t  e i g h t  weeks, 647 mg f o r  n i n e  
weeks, and 738 mp; a t  t en  weeks. A s l i g h t  decrease was 
noted a t  e l e v e n  weeks of age. The RYA conten t  f e l l  to 718 
mg p e r  l O O g  of  t i s s u e ;  however a f t e r  t h i s  s l i g h t  dec reese  
t h e  9NA c o n c e n t r a t i o n  increased t o  i t s  h ighes t  value ,  a t  
twe lve  weeks o f  ap-e t h e  RNA conten t  i s  854 rng p e r  lOOg of 
t i s s u e .  The d e c r e a s e  t o  660 mg a t  t h i r t e e n  weeks of  age 
i s  follovred by an Inc rease  t o  791 mg a t  four teen  weeks, 
where t h e  c o n c e n t r a t i o n  i s  r e l a t i v e l y  cons tzn t  f o r  t h e  nex t  
two readings, 791 mg f o r  f i f t e e n  weeks and 797 ng a t  s i x -  
teerl weeks o f  aEe, Ancther dec re s se  of RNA concent ra t ion  
occur red  a t  seventeen  weeks, drop- t o  714 mg pe r  103g 
o f  t i s s u e .  The i n c r e a s e  i n  concent ra t ion  which follows a t  
e i p h t e e n  weeks i e  s l i q h t  comp~red t o  t h e  e i g h t  and twe l f th  
w ~ ~ k  ~ n s l y s i s ,  b u t  t h e  9NA cclncentration has increased t o  
753 mu. The n e x t  two r e sd lngs  exhib i ted  d e c m ~ s e s ,  718 
find 678 mg f o r  t h e  n ine t een  and twenty-week-old o r@nisms~  
r e s p e c t i v e l y .  The l a s t  orranism ~ n a l y s e d  , twenty-one weeks 
of BRC,  i n d i c ~ t e d  a def l n i t e  decrease  i n  RNA conten t ,  798 
mg p e r  l O O p  o f  t i s s u e .  
The Rverege c o n c e n t r ~ t i o n  of RNA found In  a l l  of the 
mice ennlygod f o r  d ~ t b ,  h t h  Sexes rind r'nglnF in We from 
I 
- 
I I I I I I I I 1 I I I I I t 
5 6 7 8 9 lo 11 12 13 14 15 16 17 18 19 20 21 
Age In Weeks RNA - DNA ----- 
F i g u r e  2. R N A ,  DNA c o n c e n t r a t i o n  I n  u n t r e a t e d  mice, 
20 
f i v e  wepks t o  twenty-one weeks, i n  t he  tmy-four 
was 712 mg of  9 N A  p e r  100g of tkssue* 
One and one female was s n a l y z a  weekly. The 
amount of RN* p e r  l00g  of t i s s u e  varied gps r t l y .  The average 
R N A  c o n c e n t r ~ t i o n  i n  males (714 mg) was s l i g h t l y  g e a t e r  
t han  t h e  a v e r a g e  U A  Content i n  t he  female (710 mg). HOW- 
e v e r ,  t h e  r a n g e  of R N A  concent ra t ion  i n  the  female was 
~ e a t e r - - 4 6 1  (511  t o  972) than the  rage- -389  (469 t o  858) 
Ahserved f o r  t h e  male (Table  II), 
The loorest concent ra t ion  of  RNA observed i n  t h e  
remales was i n  t h e  i n i t i a l  organizm analyzed ( f i v e  weeks of  
a g e ) ,  511 m g  p e r  l O O g  of t i s s u e .  The lowest concent ra t ion  
(469  mg) observed i n  t h e  males wes two weeks l a t e r ,  a t  
seven weeks  o f  Rae. This age 11 the  females exhib i ted  t h e  
second lowes t  r ead inp ,  518 m e  of 3N.9 per  l O O g  of t i s s u e ,  
nnd from t h i s  ~ o i n t  h e  =JA In3reased r a ~ i d l y  but  Inconsis-  
t e n t l y  t o  I ts   ximu mum r ead ing  f o r  t h i s  i nves t iga t ion  (972 
) Thi s  concen t r%t ion  of I R A  is 114 mg greater than t h e  
m ~ x i ~ u m  of  858 rng observed f o r  the  fifteen-week-old male. 
I n  bo th  fiexes t h e  RNA concent ra t ion  drops o f f  sha rp ly  af ter  
t h e  maximm rend lnps. In  t he  femnle t h e  RNA concent ra t ion  
d r o p s  from 972 a t  twelve weeks of age t o  64.9 mg for the 
thipt-n-week-old organism. T h i s  represen ted  a 
of 323 m e  D e r  l o o p  of t l ~ s u e .  The RYA concentration In 
malps decrenspd *om 8 meximum of 858 a t  fifteen weeks 
21 
TABLE I1 
weeks Male AV erage+ Female Value 
5 821 511 666 
*Values are given in rng RNA per l O O g  of tissue. 
7 t'i,-zii. 
. \ 
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o f  a g e  t o  657 a t  seven teen  weeks or agee.  T ~ I S  is a 
d e c r e a s e  of  201 mg P e r  l O O g  of t i s s u e ,  a f t e r  a n  i n c r e a s e  
t o  748 mg a t  e i g h t e e n  weeks. The RNA c o n t e n t  i n  t h e  male 
e x h i b i t e d  a s l i g h t  d r o p  t o  746 mg a t  n i n e t e e n  weeks o f  age ,  
fo l lowed  by a d e f  i n i t e  d e c r e a s e  t o  671 mg a t  twenty weeks. 
The r e a d i n g  a t  twenty-one weeks of age  r e p r e s e n t s  t h e  second 
h i g h e s t  c o n c e n t r a t i o n  of 9NA i n  t h e  male (849 mg). The 
second h i g h e s t  r e a d i n g  of RNA i n  t h e  female occurred a t  
s i x t e e n  weeks o f  age (808 m g )  2nd from t h i s  p o i n t  each  suc- 
ceed i n g  r e a d i n g  d e c r e a s e d  through t h e  t w e n t i e t h  week, 
where t h e  d e c r e a s e  r e v e r s e d  t o  a 748 mg; a t  twenty-one weeks 
o f  age ( F i g u r e  111). 
The DNA c o n c e n t r a t i o n  showed less change than  t h e  
r;im!.4, b u t  when t h e  PYA d e c r e a s e d ,  t h e r e  was a c o m ~ a r a b l e  de- 
cressc i n  RnTA c o n c e n t r s t i o n .  Beth n u c l e i c  a c i d s  inc reased  
a t   bout t h e  same t ime ( F i w e  11). 
The DNA c o n t e n t  f o r  t h e  five-week-old organism was 
t h e  t h i r d  h i p h e s t  r e a d i n g  ob ta ined  i n  t h i s  i n v e s t i g a t i o n - -  
410 mg per 1 0 0 ~  o f  t i s s u e .  The succeeding t h r e e  r e s d i n g s  
d e c r e ~ s e d  t o  a low of  305 mg a t  e i g h t  weeks of age. The 
i n c r e a s e  which fo l lowed reoched i t s  maximum of  425 mg a t  
t w e l v e  weeks o f  age. T h i s  i n c r e a s e  was n o t  c o n s i s t a n t ,  
d r o p p i n g  from 323 rng a t  n i n e  weeks t o  313 mg a t  t e n  weeks 
o f  Rue. The th i r teen-weak-old  organism e x h i b i t e d  one of 
t h e  lower c o n c c n t r a t l o n s  (318 mu) of' DNA, and from t h i s  
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p o i n t  a ~ a d u a l  nc reaee  occurred cnrough the  s i x t e e n t h  
ek, where It a peak of 373 rng before it decreased 
t o  299 mg a t  seventeen weeks of age. The concentra t ion of 
DNA t h e n  inc reased  t o  376 mg where it remained f o r  t h e  
n i n e t e e n t h  and t w e n t i e t h  weeks. Prom t h i s  p l a t eau  t h e  DYA 
i n c r e a s e d  t o  i t s  maxlm~m concent ra t ion  of 449 mg a t  t h e  
t w e n t y - f i r s t  week of age. The average concentra t ion of 
DNA f o r  all organisms t e s t e d  was 357 mg per 100g of t i s sue .  
However, t h e  females  exhib i ted  a much higher average (384 
mg) t han  d i d  t h e  males (330 mg) Table 111. A s t a t i s t i c a l  
a n a l y s i s  u s i n a  Chi-square i n d i c a t e s  t h e  d i f f e r e n c e  between 
t h e  ave rages  would occur  by chance i n  f i v e  ou t  of one 
hundred c a s e s .  
The i n i t i s 1  r e s d i n ~  of DYA a t  f i v e  weeks of age, 
s h i p h e r  i n  t h e  m d e  (473 mg) than i n  t he  female (348 
I I ~ ~ , )  , b u t  from t h i s  p o i n t  t h e  DPA concent ra t ion  i n  t h e  
'emnlc i nc reased  to b12 mg a t  s i x  weeks of am, while the 
D'!A c o n c e n t r g t i o n  at s i x  weeks o f  ace  i n  t h e  male decreased 
to 371 me. I n  on ly  one o t h e r  read ing  was t he  DNA concen- 
t r ~ t i o n  lower  i n  t h e  female then i n  t h e  male. This occurred 
R t  ten week8 of  Rpe,  wl th  t h e  3YA conten t  i n  t h e  female 
e x h i b l t i n p  305 m u  per 101).7 of t i s s u e  and the  male 322 mg 
Der 1001. of  t i s s u e .  The c o n c e n t r ~ t i o n  o f  DVA i n  the  female 
r e v e r s e d  i t s e l f  u n t i l  i t  repched t h e  maxlmm of 511 ?ag of 
DNA per 1 0 0 ~  of t i e s u e  a t  twelve weeks of age. The de- 
TABLE I11 
AMOUNT OF DEOXYFiI3ONUCL3IC ACID I N  NORMAL 
A/JAX MICE LIVE3 TISSUE 
A g e  in 
Weeks Av er age* Male Female Value 
21 425, 469 44 9 
A ~ e r ~ g t ?  330 3ek 3 57 
- - 
4 
*Values Rre piven i n  mg DNA per lOOg of tissue. 
mg DNA/100g of Tissue 
crease w n i c h  o c ~ u r r e d  cn l r t een  weeks i n  the female was 
an a b r u ~ t  d rop  t o  345 mg and t h e  recovery from t h i s  decreal 
cont inued u n t i l  i t  reached a concentra t ion of 414 mg at 
s i x t e e n  weeks of age. The concentra t ion of DNA f e l l  to one 
o f  the lower  r ead ings  (351 mg) a t  elphteen weeks, and the 
i n c r e a s e  which followed reached t h e  second highest reading 
observed i n  t h e  females,  a t  t h e  twenty- f i r s t  week, 449 mg 
p e r  100g o f  t i s s u e  (Figure I V )  
CHAPTEZ v 
DISCUSSION 
since the metabolism and reproduc t ion  of c e l l s  in- 
~ h o s ~ ~ o ~ ~ ~ i ~ ~ ,  d e o x ~ r i b o n u c l e i ~  a c i d  (DNA) and r i b o n u c l e i c  
a c i d  (RNA) , a l u a n t i t a t l v e  s tudy  o f  t h e s e  biochemical can- 
s t i t u e n t s  was made a t  Drake U n i v e r s i t y  t o  ach ieve  a b e t t e r  
u n d e r s t a n d i n g  o f  t h e  changes  t h a t  occur  as c i r r h o s i s  and 
h e ~ a t o m a s  d e v e l o p .  G e n e r a l l y ,  af ter  t h e  twenty-second 
f e e d i n g  of c ~ r b o n  t e t r a c h l o r i d e ,  tumors become v i s i b l e  i n  
t h e  l i v e r s  o f  A/Jax mice. 
B i o c h e m i c a l  s t u d i e s  were then  made on t h e  mice l i v e r s  
, ter v a r i o u s  numbers o f  f e e d i n ~ s .  Determinat ion of t h e  
c o n c s n t r ~ t i o n s  o f  t h e  CnTA and RNA a r e  shown i n  F igure  I, 
C h ~ ~ t c 3 r  11. The f l u c t u a t i o n  1 9  t h e  c m c e n t r a t i o n  of RNA 
snd DUA which i s  e v i d e n t  i n  t h i s  r e p o r t  was thought  t o  be 
c a u s r d  by t h e  c 3 r b o n  t e t r a c h l o r i d e  f e e d i n g s  t o  which the  
o r r s n i ~ r n r  were s u b j e c t e d .  
O t h e r  s t u d i e s  i n v o l v i n g  t h e  e f f e c t s  of  cEirbor, 
t e t r a c h l o r i g e  on l i v e r  t i B s U e  are i n  ameement with those 
performed p r e v i o u s l y  a t  Drake. One l n v e s t l g a t l o n  
w i t h  r n t s  I n s t e a d  o f  mice,  r e p o r t e d  on the cytO?lasmic 
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f r a c t i o n s  o f  t h e  cell .  The Cyto~las rn lc  RNA, which t h e  in- 
v e s t i g a t o r ~  r e p o r t  "shows Continuous va r i a t i ons  from one 
cy top la smic  f r a c t i o n s  of n i n e  r a t  l i v e r s ,  while t he  work 
a t  Drake involved  t h e  l i v e r s  of over one hundred mice. 
HowevPr, b o t h  q n w ~ s  t i g a t '  nnm exhib i ted  wide v a r i a t i o n s  i n  
RNA c o n t e n t ,  
I n  a reporr ;  on t h e  err -ects  of csrbon t e t r a c h l o r i d e  
--. t h e  metabolism, Bornig and o t h e r s  repor ted no s i g n i f i c a n t  
chenye i n  t h e  number of n u c l e i  o r  t h e  DNA content  of t he  
ce11m2 The a n a l y s i s  i n  t h i s  lepor t  was made two hours a f t e r  
a s i n g l e  i n j e c t i o n  of carbon t e t r a c h l o r i d e .  They indica , te ,  
however t h e t  t h e r e  is a s l i g h t  i nc rease  i n  t he  DNA content.  
L ~ q u e r r i e r e  s t a t e s  t k a t  "after excis ion of about 
f o r t y  Der c e n t  o f  t h e  l i v e r  t i s s u e  of whi te  mice the re  was 
Rn i nc rensed  m o u n t  o f  DYA i n  t,he remsining l i v e r  t i s s u e  
 bout t h r ~ e  d ~ y s  a f t e r  t h e  operat ion.  The s ,mthesis  occurred 
In t h e  c e l l  n u c l e i  and was a prelude t o  t h e  i n i t i a t i o n  of 
t h e  prophnse  o f  rnl tos ls .  Af t e r  t h i s  i n i t i a l  increase  the  
DNA c o n t e n t  r e ~ c h e d  i t s  rnsximum a few days l a t e r .  11 3 
OD. a m ,  
-
30 
The quosea r e p o r t  lends  supDort t o  the  r . luctuations 
In  n u a l e i ~  a c i d  concen t r a t i ons  observed i n  previous work 
at Drake w i t h  mice t r e a t e d  wi th  carbon t e t r a c h l o r i d e  and 
to t h e  p r e s e n t  r e p o r t  on untreated. mice, 
The f l u c t u a t i o n s  observed i n  t he  BNA, DNA content  
i n  t h e  t r e a t e d  mice ( F i g u r e  I, Chapter 11) , were reproduced 
i n  t h e  same r y t h m i c a l  o a t t e r n  i n  t h e  untreated mice. The 
f a c t  t h a t  t h i s  ry thmica l  v a r i a t i o n  occurs ovsr  an extended 
per iod  o f  time (seventeen  weeks i n  the  presen t  s tudy) ,  in- 
d i c a t e s  d a t a  c o l l e c t e d ,  concerning nuc le i c  acid concen- 
t r e t i o n s ,  from R s tudy  of s h o r t e r  du ra t ion  would g ive  g r e a t  
d i f f i c u l t y  i n  d e r i v i n g  v a l i d  conclusions.  
The r e s u l t s  of  t h e  p re sen t  i nves t iga t ion  i n d i c a t e  
t h p t  t h e  n u c l e i c  a c i d s  very i n  t he  same rythmlcal va r i a t i on  
i n  u n t r e a t e d  ~ i n d  t r e ~ t e d  ( c a r b ~ n  t e t r a c h l o r i d e )  mice. 
If R d i r e c t  r e l a t i o n s h i p  e x i s t s  between m i t o t i c  
c e l l u l q r  d i v i s i o n  and t h e  amount of nuc l e i c  ac ids  present  
i n  t h e  c e l l ,  i t  1s reasonnble  t o  assume t h e  f l uc tua t ions  
observed i n  ~ r e v i o u s  i n v ~ s t l g a t i o n s  would be v a l i d  and 
RuaRest t h a t  f u r t h e r  s tudy  of  the  r e l a t i o n s h i p  t h a t  e x i s t s  
between t h e  n u c l e i c  ac id  concentra t ion and the  phases of 
C e l l u l a r  d i v i s i o n  1s warrent&, 
It has  l o n g  been e s t ~ b l l s h e d  t h a t  c e l l u l a r  d lv l s lon  
occu r s  a t  an uneven rate,  ~ n d  t h s t  t he  r a t e  of c e l l u l a r  
d l v i s ¶ . o n  is d i r e c t l y  r e l = t e t i  t o  the  ~ h y s i c ~ l  condi t ion of 
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t h e  OrFBnlsms, c n e  r a . t e  of  metabolism, the age, and sex, 
as w e l l  as the chemica l  subst?nces (known and unkooun) 
which  m e  t a k e n  i n ,  o r  manufactured by t h e  body; these 
would i n c l u d e  enzymes, hormones, and vitamins . 
I n  t h e  P r e s e n t  s t u d y  a n  average  D ~ J A  concentration 
o f  357 mg p e r  1 0 0 ~  of  t i s s u e  was observed f o r  t h e  t h i r t y -  
f o u r  mice analyzed I n  t h e  p r e s e n t  I n ~ e s t i g a t i ~ ~ .  The 330 
mg o f  DNA c a l c u l a t e d  as t h e  average  f o r  t h e  male mice is 
54 mg Per 10043 o f  t i s s u e  less than t h e  averane  - c a l c u l a t e d  
f o r  t h e  female mice (384 mg p e r  lOOg o f  t i s s u e ) .  The 
d i f f e r e n c e  i n  t h e  a v e r a g e  c o n c e n t r a t i o n s  o f  DNA i n  t h e  male 
and female m i  r.e 1 s u f f i c i e n t  t o  w a r r a n t  s t a t i s t i c a l  t r e a t -  
men t . 
Annlylnp: t h e  s t n t i s t i c a l  test ( c h i - s q w r e )  i t  was 
found t h s t  t h e  ~ o s s i b l l i t y  of t h e  concen t ra t ion  o f  the  D?JA 
i n  t h e  f e n a l e  b l ~ i n ~  54 mg p e r  109g of t i s s u e  -ea te r  than 
i n  t h e  m ~ l e  would o c c u r  by c h ~ n c e  i n  l e s s  than f ive  o u t  of 
one hundred i n s t s n c e s .  
The  c y c l i c  p a t t e r n  observed i n  DNA concen t ra t ion  
( F i m r e  IV, Cheater IV) , i s  n o t  u n l i k e  t h e  concen t ra t ion  
of  l e u c o c y t e s ,  c o r n i f  led nnd nuc lea ted  e ~ i t h e l i a l  
a b a e r r &  i n  mice v s ~ i n ~  d u r i n g  t h e  normal e s t rous  
The . s t r o p e n s  r r l e ~ s d  d u r i n p  t h i s  c y c l e  have been 
n a p a c l ~ t e d  w i t h  body chnnpns i n  t h e  fern8le. These ch'nees 
hrrve n o t  bpcn nronounc& u n t i l  t h e  concentr'tion Of the 
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no~-leOneS have reached a d e f i n i s e  l eve l .  
~h~ Iact  that these 
hormones are r e l e a s e d  i n  8 c y c l i c  p a t t e r n  may have some 
e f f e c t  on t h e  c o n c e n t r a t i o n  o i  DNA observed i n  the  present 
i n v e s t i g a t i o n .  
It would aDPear that  t h e r e  is  s u f f i c i e n t  infopmztion 
GO l n d i c n t e  DNA v a r i e s  t o  a weasurable d e w e e  fror one 
- 
~ r g a n i s r n  t o  m o t h e r ,  o r  w i th in  one organism from one time 
t o  a n o t h e r ,  1 
Thi s  i n  forma tends  t o  quest ion the  hypothesis 
t h n t  t h e  v a r i a t i o n s  observed i n  t he  mice t r ea t ed  w i t h  carbon 
t e t r a c h l o r i d e  were  i n  f a c t  due t o  the  e f f e c t  of t h i s  toxin. 
The RNA c o n t e n t  has been shown t o  vary even more 
than DYA, b u t  a ~ o a r e n t l y  no such def i n i t e  statements have 
b p n  rsdc ( A S  were mnde i n  r e ~ e r d  to DNA) t o  explain  t h i s  
vnr ln t io f l .2  However, i t  hms bqen penera l ly  a c c e ~ t e d  t h a t  
9?JA fo l lows  t h e  o a t t e r n  e s t ~ b l i s h e d  by t h e  DNA; there fore ,  
p e r h ~ p e  t h e  f l u c t u ~ t i o n  o f  the  R?JA is an exaggerated form 
of t h e  spme v n r l n t i o n s  observed i n  the DNA, 
The i n fo rpn  t i o n  obta ined in  t h i s  i n v e s t i + q t i o n  tends 
t o  r i v e  s u p p o r t  t o  t h i s  h2rpotheslr. It should be noted 
t h ~ ~ t  t h e  f l a r e s  ~ n d  t a b l e s  showing t h e  rel*tiOnshiF's 
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between RNA and DvA i n d i c a t e  t h ~ s  r;na low and hiah  po in t s  
- 
of  t h e  n u c l e i c  a c i d  Concen t ra t ions  tend. t o  coincids ,  
It i s  a n p a r e n t  t h a t  t h e  concen t ra t ions  of t he  
n u c l e i c  a c i d s  va ry  i n  a ry thmica l  p a t t e r n .  However, t h e  
a u e s t l o n  s t i l l  e x i s t s  as t o  t h e  cause  of  the  va r i a t i ons .  
 his r e p o r t  bas i n d i c a t e d  s e v e r a l  f a c t o r s  which may af fect  
t h i s  c o n c e n t r s t l o n .  These would be a r e a s  where more re- 
s e a r c h  i s  needed.  U n t i l  i t  i s  p o s s i b l e  t o  determine t h e  
r e l a t i o n s h i p  between hormones, n i  t o se s  , normal t i s s u e  
r e p a i r ,  tumor fo rme t ion ,  s ex ,  and t h e  n u c l e i c  a c i d s ,  it 
a p p e a r s  as though t h e  v a r i a t i o n s  observed i n  t h i s  and 
p r e v i o u s  i n v e s t l p a t i o n s  w i l l  n o t  be c o g l e t e l y  understood. 
CHAPTER yI 
SUMI?ARY 
The p r e s e n t  i n v e s t i g a t i o n  was i n i t i a t e d  i n  an a t t e p c  
t o  es tabl ish  a r e l a t i o n s h i p  i n  n u c l e i c  a c i d  con ten t ,  RNA and 
DNA, i n  t h e  l l v e r  t i ~ ~ u e  of  A/Jax mice o f  both sexes  and of 
v a r i o u s  ages. Analyzes were  made on mice f i v e  weeks through 
twenty-one weeks o f  age. 
One male and one  female was s a c r i f i c e d  each week and 
analyzed by m i n g  a m o d i f i c a t i o n  o f  ~ c h n e i d e r ' s l  procedure 
f o r  t h e  e x t r s c t i o n  of n u c l e i c  a c i d s .  
I n f o r m a t  i o n  o b t a i n e d  from t h i s  i n v e s t i g ~ t i o n  e x h i b i t s  
r y t h m l c  f l u c t u a t i o n s  i n  BNA and DVA concen t ra t ions .  The 
3 t ' A  s n o ~ e r e d  t o  show R w e s t e r  va r i ance  than t h e  DYE_, w i t h  
AT! RverClop c o n c ~ n t r ~ t i o n  of  714 mp p e r  l O O g  o f  t i s s u e  i n  
the mele nnd 710 m r  p e r  1 0 3 ~  o f  t i s s u e  i n  t h e  female. The 
,?ver?rP D Y A  c o n c e n t r a t i o q  i n  t h e  female was 38b mg, which 
was 54 mu h i p h e r  t h ~ n  i n  t h e  msle (330 mg). Using t h e  chi -  
s a u a r e  method o f  s t a t i s t i ca l  ~ n e l y s i s  t h i s  d i f f e r e n c e  was 
founC! t o  b a i p n i f l c ~ n t  t o  t h e  e x t e n t  t h a t  i t  would occur 
by c h ~ n p e  i n  o n l y  f i v e  o u t  of FI hundred cases ,  
The f ' l uo t~ in t ion  observed i n  RYA end DNA concen t re t ion  
in t h o  l i v e r  t i ~ s u e  of u n t r e a t e d  mlce p n r n l l e l s  t h e  f l u c t u -  
a t i o n s  i n d i c n t e d  i n  p r e v i o u s  s t u d i e s ,  e s n e c i a l l y  studies 
c i t  ~ p .  293-3020 l b c h n r i d o r  , a. , , 
i n v o l v i n g  t r e a t m e n t  w i t h  carbon tetraonlorlde, 
A rev iew of  t h e  l i t e r a t u r e  ind ica te*  t h a t  DllA is 
t h e  c e l l u . l a r  s u b s t a n c e  t h a t  e s t a b l i s h e s  t h e  pa t t e rn  for 
p r o t e i n  s y n t h e s i s  and t h a t  RNA conveys t h i s  pa t t e rn  to t h e  
amino a c i d s  i n  t h e  cytoplasm. Over n ine ty  per cen t  of the  
RNA i s  found i n  t h e  cytoplasm, 
~ i k e  o t h e r  i n v e s t l g a t i o n ,  t h e  presen t  inves t iga t ion  
i n d i c a t e d  a greater v a r i a n c e  i n  RNA concentrat ion than i n  
DNA c o n c e n t r a t i o n .  F u r t h e r  s tudy  of  the  r e l a t i onsh ip  t h a t  
e x i s t s  between thefie c e l l u l a r  comgonents is c l e a r l y  in- 
d i c a t e d .  O t h e r  areas which r e a u i r e  more inves t iga t ion  a r e  
t h e  effects  o f  hormones on t h e  n u c l e i c  acid  concentrat ion 
w i t h  specip.1 a t t e n t i o n  t o  t h e  e f f e c t  t he se  substances have 
on t h e  DY!A concent rz t io r l .  T h i s  would be e spec i a l l y  t r u e  
of  t h e  hormones involved i n  t h s  e s t r o ~ e n  cycle  i n  t h e  female. 
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